We measure the near-infrared properties of 42 X-ray detected sources from the Chandra Deep Fields North and South, the majority of which lie within the NICMOS Hubble Deep Field North and Ultra Deep Field. We detect all 42 Chandra sources with NICMOS, with 95% brighter than H 160 = 24.5. We find that X-ray sources are most often in the brightest and most massive galaxies. Neither the X-ray fluxes nor hardness ratios of the sample show any correlation with near-infrared flux, color or morphology. This lack of correlation indicates there is little connection between the two emission mechanisms and is consistent with the near-infrared emission being dominated by starlight rather than a Seyfert non-stellar continuum.
Introduction
The Chandra Deep Fields North and South are the deepest X-ray pointings on the sky, with integration times of 2 and 1 Msec, respectively. They resolve 80-90% of the hard X-ray background (Campana et al. 2001; Cowie et al. 2002; Rosati et al. 2002; Alexander et al. 2003a) , identifying active galactic nuclei (AGN) out to redshifts greater than z=5 . Hardness ratios suggest that many faint X-ray sources are obscured AGN, although some of these may exist in galaxies where the bolometric luminosity is dominated by star formation rather than black hole accretion Alexander et al. 2003b ).
Bright X-ray sources have well defined optical to X-ray flux ratios (f X /f opt ∼0.5-1), seen in both soft (0.5-2 keV; Lehmann et al. 2001 ) and hard (2-8 keV; Akiyama et al. 2000) X-rays. However, fainter X-ray sources can have optical fluxes covering a much wider range. A large population of star-forming galaxies becomes detectable at X-ray depths of 1-2 Msec Bauer et al. 2002b) , where supernova remnants and mass transfer binaries produce the bulk of X-rays (Fabbiano 1989) . These star-forming galaxies add low f X /f opt sources to the distribution Alexander et al. 2001; Barger et al. 2003b) , disrupting the previously well-behaved optical/X-ray correlation. Correlations also exist between X-ray and radio ), 15µm Fadda et al. 2002) , and sub-mm (Barger et al. 2001b; Alexander et al. 2003b) detections. Examinations of X-ray spectral slopes and emission lines in these sources suggest a substantial percentage of these sources are dominated by star formation, although AGN activity can not usually be ruled out. These X-ray sensitivities can even detect X-rays from"normal" star-forming galaxies, like our Milky Way, out to z=0.15-0.3, which make up ∼12% of the 2 Msec CDF-N sample (Hornschemeier et al. 2003 ).
X-ray detected sources are typically among the reddest galaxies when color is measured from the optical to near-infrared (Mushotzky et al. 2000; Barger et al. 2001a; Crawford et al. 2001; Alexander et al. 2001) . Roughly 10-20% of Extremely Red Objects (EROs) are detected in the X-ray Roche et al. 2003) , only 2/3 of which are clearly AGN. Generally, the more optically faint an X-ray object is, the redder its optical/near-IR color will be , although there are some faint blue exceptions.
Optically faint sources are blue in V-I , red in I-K , and generally have flat (i.e. hard) X-ray slopes. Higher redshifts may explain both the blue V-I and red I-K colors, a result of the 4000Å break and falling UV continuum shifting beyond the I-band filter at z >1 (Barger et al. 2003b) . Large X-ray luminosities are required to detect galaxies at high redshift, so these X-ray sources found at such distances are likely AGN, only with optical/near-infrared fluxes that are dominated by starlight.
Studies that combine spectroscopic and photometric redshifts find that most faint (f X (0.5-2 keV)>5×10
−16 ergs cm −2 s −1 ) X-ray sources lie in the redshift range z=0.2-1.3, with a median redshift of z ∼1 and a long tail of sources trailing out to very high redshift (z >4) (Barger et al. 2003b ). This indicates that the bulk of optical observations to date have taken place in the rest-frame ultraviolet and blue. These wavelengths are notoriously susceptible to dust extinction and recent star formation activity, but remain fairly insensitive to the underlying mass distribution of the galaxy.
Deep ground-based optical and near-infrared imaging detects roughly 85% of these faint Chandra X-ray sources (Mushotzky et al. 2000; Barger et al. 2001a; Rosati et al. 2002; Barger et al. 2003b) . Even fairly deep Hubble Space Telescope optical imaging can not always identify every X-ray source , indicating a need for deep, near-infrared space imaging.
We examine NICMOS imaging of 42 X-ray sources from the Chandra Deep Fields North and South. They lie mainly within the NICMOS HDF-N and and the NICMOS Ultra Deep Field (UDF), although a small subset of sources come from other publicly available NICMOS data. We examine their colors, hardness, x-ray flux, and morphology and compare that to other NICMOS field galaxies. Throughout this paper we assume a Ω M =0.3, Ω Λ =0.7, H o =70 km s −1 Mpc −1 cosmology. All magnitudes are given in the AB magnitude system. Often, H 160 , J 110 , and I 775 will be used in place of F160W, F110W, and F775W to simplify discussion of magnitudes, depths and colors.
Observations
We use the Chandra X-ray Observatory point source catalogs for both the 2 Msec CDF-N ) and the 1 Msec CDF-S . We used the catalogs generated by Alexander et al. (2003a) for both fields, to ensure a consistent comparison of the two fields and to maximize the positional accuracy (median positional offset from optical detections). The CDF-N catalog contains 503 sources over roughly 250 square arcminutes, although the sensitivity and source counts drop away from the center. The CDF-S catalog contains 326 X-ray sources over roughly the same area, with a similar sensitivity distribution. The CDF-N field reaches 0.5-8 keV fluxes of ∼10 −16 ergs s −1 cm −2 , while the CDF-S reaches 0.5-8 keV fluxes ∼2×10 −16 ergs s −1 cm −2 . The 42 sources that lie within NICMOS images are listed in Table 1 , labeled by the letter 'N' for north or 'S' for south, combined with its number from the Alexander et al. (2003a) catalogs.
The near-infrared images used for this study were obtained with NICMOS (Thompson et al. 1998 ) on board the Hubble Space Telescope. The data include the NICMOS HDF-N (Dickinson et al. 2000) , the NICMOS UDF (HST Program 9803, PI: R. Thompson) , and seven smaller fields taken in pure parallel mode (McCarthy et al. 1999) or for other unrelated science goals. The NICMOS HDF-N covers 7 square arcminutes of the CDF-N, reaching depths in the F160W filter of H 160 =27 magnitudes (∼5-σ, 0.8 ′′ aperture). The NICMOS UDF also covers about 7 square arcminutes and reaches H 160 ∼27.5. Both images were drizzled (Fruchter & Hook 1997) as part of their original reduction, producing images with a point-spread function (PSF) of FWHM ∼0.25 arcsec. The two fields were taken using NICMOS Camera 3 and include F110W (J 110 ∼26.5 and ∼27.1) images in addition to F160W. Because these fields cover only ∼15 square arcminutes of sky, this study could be strongly effected by cosmic variance, although we are helped by the combination of two distantly separated regions of sky.
We chose the ACS F775W filter for comparison between optical and near-infrared properties. For the NICMOS UDF, we used the F775W Ultra Deep Field image (HST Program 9978, PI: S. Beckwith), which covers the entire near-infrared image down to an AB magnitude of 29.5 (S/N ∼ 5). For the HDF-N, we used the F775W GOODS data set , which reaches an AB magnitude of around 27.5. While the Hubble Deep Field F814w filter observation is deeper (F814W∼28.0), it does not cover the entire NICMOS HDF-N and has no equivalent in the south. The majority of the X-ray detected sources are significantly brighter than the GOODS limit (median I 775 ∼22.2 and 95% are brighter than I 775 =27.5 limit), indicating the lesser depth is an acceptable trade-off for the filter consistency and field coverage. To minimize systematic errors associated with comparing galaxies at different resolutions, we convolved the ACS images with a Tiny Tim NICMOS PSF to match the NICMOS resolution.
We also include NICMOS images taken in parallel to other observations (McCarthy et al. 1999) within the Chandra Deep Field North. This provides five additional sources from three parallel NICMOS fields, all in the CDF-N (1235+6208, 1235+6218, & 1237+6206). There are presently no CDF-S NICMOS parallels that overlap with X-ray sources. The parallel images are not drizzled, so have slightly lower image resolution (PSF ≈ 0.3 ′′ ), and reach depths of H∼26. They lie outside the GOODS field, so we use the Subaru SuprimeCam Hawaii Deep Field North I-band image (I∼25.6 limit, 0.7 ′′ seeing; Capak et al. 2004 ) to get comparable optical data. Finally, we include two NICMOS Camera 2 images with one Xray source each. Both fields were originally taken for separate science programs -a study of high-z Type Ia Supernovae (HST Program 9352, PI: A. Riess) and Tully-Fisher galaxies (HST Program 7883, PI: N. Vogt). While shallower (H 160 ∼25.5 and ∼23), they have superior resolution (PSF ≈ 0.15 ′′ ). Both lie within the GOODS fields, split between the south and north. None of the parallel images have corresponding F110W images. One of the Camera 2 images does have F110W data, although the source detected in the F110W filter is less than 5-σ in significance.
The X-ray coordinates are generally accurate to better than 0.6 ′′ as measured from 1.4 GHz radio (North) and R-band (South) source positions , making misidentification of the near-infrared counterpart unlikely. The median positional difference between the X-ray and NICMOS near-infrared centroids is 0.11 ′′ , with a standard deviation of 0.24 ′′ . Only one source has an offset greater than 0.7 ′′ , N245 at 1.3 ′′ . No other nearinfrared source can be reasonably identified with it and positional errors allow this faint X-ray source to lie in the outer parts (as opposed to the center) of the presently associated NICMOS galaxy.
Magnitudes and Optical/Near-Infrared Colors
To create a catalog of near-infrared sources, we ran SExtractor V.2.0.19 (Bertin & Arnouts 1996) on the F160W images, extracting objects with 9 connected pixels with signal greater than 1.5-σ above the local background. For photometry, SExtractor measured a BEST magnitude, which is either a Kron elliptical aperture (Kron 1980) or an isophotal magnitude for blended/crowded objects. We further required that the flux be at least a 5-σ detection as measured within a 0.8 ′′ aperture. Only one of the 42 X-ray sources failed detection by this second criteria: N231. With a H 160 magnitude of 27.29± 0.21, it fell just below the 5-σ HDF-N limit. Another source, S259, was weakly detected just above the 5-σ limit in its NICMOS Camera 2 image at H=25.34. The other 40 sources have AB magnitudes less than H 160 =24.5, much brighter than the limiting magnitudes for all the NICMOS fields examined (∼26-27.5 magnitudes).
To measure colors, we ran SExtractor on the F110W and convolved F775W images using the source positions from the F160W images and measured the flux within a 0.8 ′′ aperture. The only exception to this method is for the ground-based Hawaii Deep Field North data, which has a much lower spatial resolution. Rather than blur the NICMOS data by a factor of 3-4, we compared the SExtractor BEST magnitudes. This approach should be considered less accurate, but we see no systematic difference in I-H 160 color between these parallel objects and the rest of the NICMOS sample.
Asymmetry and Concentration
To study the morphologies of the NICMOS sample, we use the CAS system Conselice 2003; Conselice et al. 2000) , which provides indices for concentration, asymmetry, and clumpiness. We measured these indices using CAS software written for IRAF 1 (C. Conselice, private communication). The resolution of NICMOS Camera 3 images is poorly suited for measuring clumpiness at high redshifts, as the clumpiness index is most vulnerable to decreasing resolution, so we will exclude it from further discussion. While the asymmetry index is also sensitive to resolution, the effect is smaller and more predictable (Conselice 2003) . More importantly, resolution effects always produce smaller asymmetries, so large values of the index remain a reliable indicator of strong asymmetry. A full decomposition of the light profile was rejected as a morphology measurement because it is too dependent on a priori assumed morphologies, which are known to become more irregular at high redshift (Abraham et al. 1996; Conselice et al. 2004 ) and because the NICMOS Camera 3 resolution is too low to allow a robust decomposition of a large percentage of the sources (median NICMOS object FWHM ∼ 1.5× PSF).
Simulations by Conselice et al. (2000) demonstrate that one can obtain reliable asymmetry values with a S/N=50, although S/N=100 is recommended for best results. Seven of the 42 X-ray sources do not meet the minimum (S/N=50) threshold and are excluded from morphological analysis. Of the rest, only two fall between S/N=100 and 50. Visual inspection of source morphologies is consistent with their measured concentration and asymmerty parameters.
We measure the concentration and asymmetry indices using five blank sky regions and average the results. This method follows Conselice et al. (2003) , who find that asymmetry can vary depending on the area selected for blank sky.
The X-ray sources have mostly symmetric NICMOS morphologies, with a distribution similar to those of non-X-ray emitting NICMOS sources (see Figure 1 ). Two objects stand out as strikingly asymmetric (N272 & N287) and therefore possible merging systems. This result is in agreement with the optical result of Grogin et al. (2003) that the distribution of asymmetry indices for X-ray sources is indistinguishable from that for field galaxies. Nucleusdominated sources are very symmetric, so a bright nuclear source could hide a more disturbed asymmetric morphology. Unfortunately, most spiral and elliptical galaxies are also highly symmetric, making asymmetry a poor discriminant for nuclear bright AGN. Grogin et al. (2003) also find significantly higher concentrations among X-ray sources.
This differs from Hornschemeier et al. (2003) , who found no significant difference in concentrations for X-ray sources, although they only examined the optically brightest sources (R < 22 compared to I < 23.5). The near-infrared sources appear to be slightly more concentrated compared to the main sample (median C F ield =2.7 versus C X−ray =2.9), but not as strongly as seen in the Grogin et al. (2003) optical sample. Sources with bright nuclei should generally lead to higher concentrations, although Grogin et al. (2003) cautions that may not always be the case.
To investigate these concentration differences further, we measured the morphologies of both the X-ray and field sources in the original, non-convolved I 775 images. We find that the distribution of field I 775 concentrations are essentially identical to that seen in H 160 images. The agreement between the I 775 and H 160 field concentrations indicates that image resolution is unlikely the cause for the difference between I 775 and H 160 X-ray source concentrations. This is further supported by the simulations of Conselice (2003) , which demonstrate that reliable concentration indices can be measured in NICMOS images out to z=3.
The I 775 concentrations for the X-ray detected sample show a 0.2-0.3 increase in typical concentration compared to H 160 . The difference between the X-ray and field sample concentrations measured in I 775 is therefore the same as that seen by Grogin et al. (2003) . We conclude that X-ray sources are in fact slightly less concentrated in near-infrared light, possibly an indication of increased contribution by more distributed stellar light.
Correlation With X-ray Properties
The X-ray full-band flux (0.5-8 keV) shows no correlation with either the H 160 magnitude (see Figure 2a ), the J 110 -H 160 color (see Figure 2b ) or the morphology of the NICMOS image, all producing Pearson correlation coefficients (PCC) less than 0.12. Visually, Figure  2a appears to suggest an anti-correlation between H 160 and X-ray flux (PCC=-0.11), but this is caused by the lack of near-infrared bright galaxies with large X-ray fluxes within the relatively small area covered. These near-infrared bright, X-ray weak objects are all at low redshifts, where the X-rays appear to come from star formation. If the X-ray fullband flux shows any correlation it is with I 775 -H 160 color (PCC=0.17; see Figure 2c ), where larger X-ray fluxes appear to produce redder colors, although with a large scatter. If H 160 is uncorrelated with X-ray flux, then an I 775 -H 160 correlation would imply that I 775 grows fainter with X-ray flux, which is opposite to what is generally observed (Lehmann et al. 2001) . However, most studies have been done at much brighter X-ray fluxes than those reached in the Chandra Deep Fields. Examining the CDF-N, Barger et al. (2003b) shows that the R magnitude to X-ray flux (both 0.5-2 keV and 2-8 keV) correlation breaks down at these faint X-ray flux levels, as nearby, quiescent star-forming galaxies make up a larger percentage of X-ray sources.
Using the soft-band (0.5-2 keV) X-ray detections has little effect on these results, with the possible effect of marginally strengthening the weak X-ray flux and I 775 -H 160 color correlation (PCC=0.24). The hard-band (0.5-2 keV) X-ray detections show weaker correlations than either the full-band or soft-band fluxes, although the number of hard-band X-ray detections is smaller (22), making robust correlation measurements more difficult. None of the weak correlations discussed at any X-ray bandwith could be considered even moderately convincing and all measurements are consistent with no correlations whatsoever.
This lack of correlation indicates the source of the X-rays does not make much contribution to the near-IR continuum in most of these objects. Studies of bright, nearby AGNs show a correlation between X-ray and near-infrared flux (Edelson & Malkan 1986; Kotilainen et al. 1992) , although the measurements concentrate on the central regions. Most of the NICMOS X-ray sources lie at high redshifts, so a better rest-wavelength comparison would be the optical/X-ray correlation seen in bright X-ray sources (Akiyama et al. 2000; Lehmann et al. 2001) , where the optical fluxes encompass the whole galaxy. The faint X-ray sample could be different, either because the rest-frame optical emission from the active central Seyfert nuclei is heavily obscured by dust, or perhaps because most of the X-ray emission is coming from extended starbursts rather than an active nucleus.
All the reddest objects (J 110 -H 160 and I 775 -H 160 ) have been detected in hard-band, while there is a blue population of faint X-ray faint objects detected only in soft-band. This does not, however, indicate a correlation between color and X-ray hardness. The hardness ratio (HR), defined as (H-S)/(H+S) where H is hard-band (2-8 keV) counts and S is soft-band (0.5-2 keV) counts , shows no correlation with near-infrared flux or color (see Figure 3) , although the smaller number of hard-band detections makes these correlation measurements less significant. It appears that the fainter near-infrared fluxes and redder near-infrared colors can not be explained entirely by obscured active galactic nuclei, where a dusty torus or other obscuration is absorbing both optical/near-infrared and X-ray light. Most likely X-ray sources at these faint flux levels are a heterogeneous group, composed of both obscured and non-obscured AGN, and star-forming galaxies, ranging from starburst to "normal" Milky Way levels of star formation.
Near-Infrared Faint Objects
We detect all 42 X-ray sources in the NICMOS images and only one of these is detected with less than a 5-σ significance. Previous attempts at imaging optically faint X-ray sources using ultra-deep VLT/ISAAC imaging (K∼24) Yan et al. 2003) , still left a handful of sources either unidentified or only marginally detected. Two of the faint NICMOS detections from this work would have been undetectable in such ground-based studies, although neither is as optically faint as the undetected sample from . It should be kept in mind, however, that this study covers only two small regions of sky and therefore cosmic variance will have a large effect on all the results, particularly those concerning extremely red objects, which have been measured to vary a great deal (factors of 3-7) from field to field (Saracco et al. 2001; Labbe et al. 2003 ).
The faintest near-infrared source, N231, has relatively blue colors: J 110 -H 160 = -0.11±0.4 and I 814 -H 160 = 0.29±0.3. Its X-ray flux is weak, but is detected at roughly twice the faint detection limit of the CDF-N sample. It also does not have a hard X-ray index (HR < -0.2). It is much too faint to produce any reliable morphology indices, but visual inspection of the image suggests a diffuse, non-compact shape. Template fitting suggests a redshift around z=1, but such fits should be treated cautiously considering the large (10-40%) photometric errors involved.
The other faint source, S259, has colors neither particularly red nor blue (J 110 -H 160 > 0.45; I 775 -H 160 =1.65±0.12) and a simlar hardness ratio (-0.2). Its shape appears compact, but the signal-to-noise is too low for quantitative morphological measurement.
There are nearly three magnitudes between the near-infrared flux of N231 and the majority of the X-ray sources. The next faintest object, S259, is still two magnitudes brighter than N231. This suggests that N231, and perhaps S259 as well, are different types of object or in a different phase than the rest of the X-ray sample.
Regardless of the origin of these two objects, the percentage of the total X-ray population that are near-infrared weak is not large, representing only 5% of the sources. The rest of the sample (H<24.5) can be detected using the deepest ground-based near-infrared photometry (ex. the VLT FIRES project achieved a 5-σ limit of H≈25.5, Labbe et al. 2003) .
Extremely Red NICMOS Sources
Several studies have shown that faint X-ray sources are, on average, redder in optical/nearinfrared color as near-infrared flux decreases Barger et al. 2003b) . We see this relationship continue at fainter near-infrared magnitudes, down to H 160 ≈ 24.5, below which we do not detect X-ray sources (with two exceptions as noted above). Figure 4 shows I 775 -H 160 color versus H 160 magnitude.
There are 14 Extremely Red Objects (EROs, defined as I 775 -H 160 >3.1; equivalent to I 775 -H 160 >4 in Vega magnitudes) down to H 160 =24.5 in the NICMOS HDF-N and UDF, of which 3 (21%) are detected X-ray sources (1 in HDF-N, 2 in UDF). Considering the small numbers involved, this is consistent with both the 8-11% found by Roche et al. (2003) and Alexander et al. (2002b) at comparable depths (K<24), and the 21% found by in a shallower ERO survey (K<22). We note that the X-ray flux of the HDF-N ERO is one of the faintest in our sample and would therefore not have been detected in the present CDF-S or the earlier 1 Msec CDF-N surveys. The two UDF EROs, S233 and S246, were previously noted in the Roche et al. (2003) sample.
The brighter near-infrared X-ray sources have J 110 -H 160 colors typical of the faint galaxies generally detected in NICMOS images (see Figure 5 ). However, a large fraction of the faint near-infrared X-ray sources (H 160 >21.5) are significantly redder than a typical field galaxy. If we define extremely red J 110 -H 160 objects as any source with J 110 -H 160 > 1.4, the predicted color of an elliptical galaxy at a redshift of z=2, 5 of 14 (36%) faint near-infrared X-ray sources are extremely red. While a small number of sources, the large gap in J 110 -H 160 color may indicate that there are two subpopulations of faint, X-ray sources. There is a similar trend for near-infrared objects seen in Cowie et al. (2001) , where all three lensed X-ray sources observed had extremely red colors consistent with evolved galaxies at redshifts z >1.4, and in Yan et al. (2003) , which found extremely red near-infrared colors for 4 of its 6 optically unidentified X-ray sources.
Not only are many faint near-infrared X-ray sources extremely red in J 110 -H 160 , but a high percentage of all red J 110 -H 160 sources are detected in X-rays. Red J 110 -H 160 colors appear to select X-ray sources at a higher rate than optical/near-infrared colors (i.e. EROs). If we select all extremely red J 110 -H 160 objects in the HDF-N and UDF down to our H 160 =24.5 limit, 5 out of 10 are X-ray sources. Less strict J 110 -H 160 color cut-offs produce slightly lower percentages, but do not change the general conclusion that a large percentage of red J 110 -H 160 objects are detected in X-rays. Down to the faintest near-infrared sources (H 160 ∼24.5), the reddest object at almost every magnitude interval is an X-ray source.
Interpretation of the Reddest Sources
Red J 110 -H 160 sources may be heavily obscured AGN. Studies of low redshift, red J-K sources from 2MASS, for instance, produce a high percentage of dust-extincted AGN (∼80% Marble et al. 2003) . However, the red NICMOS X-ray sources do not, in general, have the hard X-ray slope that one might expect from a heavily extincted AGN (see Figure 3) .
A soft X-ray slope does not completely rule out strong nuclear dust obscuration. Wilkes et al. (2002) , for instance, find that dusty, red J-K AGNs from 2MASS do not have hard X-ray ratios, which they attribute to a decoupling of near-infrared reddening and X-ray absorption, possibly from large dust grains or different dust-coverage over the optical/IR and X-ray-emitting regions. On the other hand, they find that the reddest objects were also those faintest in X-rays, while four of the reddest NICMOS sources are among the X-ray brightest in the sample, both in flux and absolute luminosity. Also, the majority of known red J-K AGN lie at much lower redshifts than the NICMOS faint X-ray sources, so that the measured near-infrared fluxes are sampling different rest wavelength regimes.
Another possibility is that the red J 110 -H 160 sources are at redshifts slightly above 1.5, where the UV slope has moved into the F110W bandpass. Cowie et al. (2001) , for instance, suggested that many optically faint Chandra sources seemed to lie in high redshift evolved galaxies, producing extreme near-infrared colors. We assembled redshifts for the X-ray sources in the HDF-N and the UDF, using published spectroscopic redshifts where available (Lowenthal et al. 1997; Cohen et al. 1999; Barger et al. 2003b; Szokoly et al. 2004) . For the remaining seven sources (3 in HDF-N, 4 in UDF) we used published photometric redshifts (Fernandez-Soto, Lanzetta & Yahil 1999; Wolf et al. 2004) , supplemented by redshifts produced using a Bayesian photometric redshift code (Benitez 2000) . We plot the resulting redshifts versus J 110 -H 160 color in Figure 6a .
Of the six red J 110 -H 160 objects, all are at redshifts greater than 1.5. Two have spectroscopic redshifts: S245, a class 2 QSO at z=3.064 (Szokoly et al. 2004 ) and N220, a radio galaxy identified at a redshift of z=4.424 2 Waddington et al. 1999 ). Probably the most well studied of these red objects is N267, with a HDF-N photometric redshift of 2.75 (Fernandez-Soto, Lanzetta & Yahil 1999) . This object (also known as NIC-MOS J123651.74+621221.4) is the second reddest source in the NICMOS HDF-N and has been previously noted for its color, x-ray, radio and mid-infrared properties (Dickinson et al. 2000; Hornschemeier et al. 2000; Aussel et al. 1999; Richards, E. A. et al. 1998) . The three remaining sources, all in the UDF, have photometric redshifts of 1.61, 1.74, & 3.02. The red X-ray sources are small and compact in shape, except for S246 3 .
The reddest sources have 0.5-2 keV luminosities greater than 10 42 ergs s −1 (Figure 6b ), except for S243, which is only detected in hard X-rays. For comparison, the most X-ray luminous starburst known, NGC 3256 (Moran, Lehnert, & Helfand 1999) , has a 0.5-2 keV luminosity of ∼3×10 41 ergs s −1 . More typical starbursts, like M82, generally produce ∼10 40 ergs s −1 . Even accounting for an increase of X-ray luminous starbursts with redshifts, it is apparent the majority of the red sources must be mainly powered by AGN activity.
The extreme red color of these high redshift X-ray sources results from steeply falling ultraviolet flux shortward of the 4000Å break moving into the NICMOS filters. An unobscured AGN spectral energy distribution should not drop that rapidly in the ultraviolet, indicating that the rest-frame optical/ultraviolet light could be dominated by starlight. This possibility is supported by the lack of correlation between near-infrared flux and X-ray flux, suggesting that they come from different sources. There is also no trend of concentration with either near-infrared or X-ray luminosity, although the X-ray sources are marginally more centrally concentrated than field galaxies. However, simulations adding point-source flux to HST galaxy profiles indicate point sources have only a small effect on concentration (∼+0.1) and in some cases could actually cause a decrease in concentration (Grogin et al. 2003 ).
If we accept that the explanation for the red X-ray sources is their high redshift, and not their AGN or dust properties, then we must explain why they make up such a large percentage of the faint, red objects. Any moderately red high-redshift galaxy would also produce these near-infrared colors. One answer is that X-ray sources are the brightest galaxies at high redshifts. Non-X-ray emitting galaxies would be expected to make up a larger percentage of red sources at fainter magnitudes, possibly explaining the red sources below H 160 =24.5 in Figure 4. 
The Brightest Galaxies
To examine the possibility that high redshift X-ray sources reside in bright galaxies further, we plot absolute B magnitude (0.45 µm) versus redshift (Fernandez-Soto, Lanzetta & Yahil 1999) in Figure 7 . The absolute magnitudes were calculated by interpolating between flux densities measured in the filters before applying both a (1+z) K-correction and the distance modulus. For redshifts placing the rest wavelength for B beyond the measured filters, we extrapolated from the last two filters. The possible z=4.424 object (N220) was excluded altogether. Figure 7 shows that the X-ray sources are not only the brightest objects at high redshift, but tend to be the brightest sources at all redshifts. This even though many of the sources have near-infrared flux dominated by starlight, not black hole accretion. At low redshift and low X-ray luminosity, where star formation is likely the dominant source of X-rays, bright near-infrared galaxies would be expected. But we also find X-ray sources in the brightest galaxies at moderate to high redshifts, where their large X-ray luminosities make them almost certainly AGN. A similar examination of absolute R-band (0.7 µm) covers a lower redshift range (z=0-2), but also identifies the X-ray sources as the brightest and, considering the longer wavelengths being observed, most massive galaxies. This is in agreement with (Barger et al. 2003b) , who found large numbers of very luminous (>M ⋆ ) galaxies out to high redshifts among their X-ray detections, covering a much larger area than our sample, but to shallower near-infrared depths.
We should be careful applying our general conclusion that AGNs are found in massive galaxies to all individual X-ray sources. These faint X-ray sources are likely drawn from three separate groups. There are those powered mainly by star formation, only visible at low redshifts, with different ratios of X-ray to optical flux depending on strength of starburst and quantity of older stars. Then there are the unobscured, Type I AGN, which are bright at all wavelengths from X-ray through infrared, with the energy produced from black hole accretion generally dominating over star light, except, perhaps, in the near-infrared. Only three sources are confirmed broad-line AGN 4 , although we should keep in mind the small total numbers and likely large cosmic variance. The third likely group of X-ray sources are the Type II AGNs. The dust obscuring the central engines of these AGN can reprocess the bulk of optical radiation produced by the AGN into the infrared, possibly leaving only the optical light generated in stars. The lack of correlation between X-ray flux and near-infrared flux or concentration is consistent with obscured AGN making up a substantial fraction of X-ray sources.
We should also keep in mind the two faint NICMOS detections, which are almost certainly low stellar mass galaxies. Their moderate to blue colors indicate that they are not heavily dust-obscured or at extremely high (z >6) redshifts. Assuming their X-rays come from AGN, black hole accretion would be the source of the near-infrared light as well, leaving very little power for any star light. The overall spectral energy distribution of these two sources are consistent with that of a Seyfert nucleus (Edelson & Malkan 1986) . However, these low near-infrared flux galaxies are clearly the exception, rather than the rule.
Summary
We examine the near-infrared properties of 42 Chandra and NICMOS detected sources from the Hubble Deep Field North and the Ultra Deep Field. All of the Chandra sources were detected with NICMOS, with only two sources fainter than H 160 = 24.5.
We confirm in the near-infrared the result of Grogin et al. (2003) , that there is no significant difference between the asymmetries of X-ray sources and typical field galaxies. X-ray emitting galaxies have marginally greater near-infrared concentrations when compared to non-X-ray field galaxies, although the difference is smaller than that found by Grogin et al. (2003) .
Roughly 40% of the faintest near-infrared Chandra sources (H 160 > 21.5) are extremely red, with J 110 -H 160 > 1.4. These red J 110 -H 160 X-ray sources make up half of red J 110 -H 160 objects down to H 160 < 24.5, more than twice the rate found for optical/near-infrared EROs. Using available spectroscopic and photometric redshifts, we find all the red J 110 -H 160 sources are at high redshift (z=1.61-4.424), with X-ray luminosities indicative of AGN. Their red colors come from falling rest-frame ultraviolet flux shortward of the 4000Å break moving into the NICMOS filters at redshifts of z >1.5. This explanation for their red color implies that the optical/near-infrared continuum is dominated by star light. Supporting evidence for this theory is that we find no correlation between near-infrared and X-ray flux or between X-ray hardness ratio and near-infrared color.
The X-ray sources in our study were found to be the optically brightest objects at all redshifts, indicating a strong preference of AGN for the optically most luminous galaxies. This trend holds at all optical magnitudes, including the longer rest-wavelengths, indicating that these X-ray detected AGN also reside in the most massive galaxies.
This work demonstrates that NICMOS can be a powerful tool for identifying high redshift AGN. The current conclusions depend on only six red J 110 -H 160 X-ray detections, four of which come from the UDF. Future studies covering much larger areas are required to test and confirm these results. Because most X-ray sources are reasonably bright in the near-infrared, they should be observable in relatively shallow NICMOS surveys. The NICMOS Parallels Survey (McCarthy et al. 1999) , for instance, covers hundreds of square arcminutes to the necessary depths. The deepest ground-based surveys (ex. VLT/ISAAC GOODS South, P.I. C. Cesarsky), should also be able to detect the majority of these red X-ray sources. Increasing the sample of red sources in well studied fields, such as the Chandra Deep Fields, will allow us to utilize the multi-observatory data now becoming available. For example, the ultradeep Spitzer Space Telescope mid-infrared imaging ) will further constrain the contribution of dust obscuration and AGN emission. Such understanding will be crucial for interpretion and analysis of the large number of red galaxies being found in deep infrared surveys.
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